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Modi¯cation of indium sul¯de (In2S3) ¯lm surface was performed by the treatment in high-
density low-pressure inductively coupled argon plasma. The ¯lms with thickness of 500–800 nm
were fabricated on glass substrates by the thermal evaporation method and subsequent
annealing in sulfur ambience. The plasma treatment of as-grown and annealed ¯lms was carried
out with argon ions having the energy of 25–200 eV. Nanostructuring of the ¯lm surface took
place resulting in the formation of arrays of nanosized indium droplets.
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Nanoscale surface modi¯cation using ion beams
is an important tool in the fabrication technology
of nanostructured systems. Capabilities of ion-
based processes become wider with the transition
to multicomponent materials with complex chem-
ical compositions. A presence of chemical elements
with di®erent physical properties (sputtering
yield, melting temperature, etc.) allows a pur-
poseful control of the nanostructure formation.
One example is sputtering of PbSe by argon ions
with the energy near the sputtering threshold,
which results in the formation of hollow faceted
lead nano- and microstructures on the surface.1
Sputtering of binary compounds, when one ele-
ment has a low melting temperature and the other
element has a high volatility, was not studied yet.
Therefore, the aim of this work is to perform ex-
perimental investigation of sputtering processes of
such binary system. The object of this study is
In2S3, which is the unique material used in bu®er
or window layers in thin ¯lm solar cells instead of
CdS due to its high transparency in the visible
spectral region and chemical stability.2
2. Experimental
We studied In2S3 ¯lms with the thickness of 500–
800 nm grown by thermal evaporation technique on
glass substrates at 200–300C using In2S3 powder as
a source material. The as-grown ¯lms were annealed
in sulfur ambience at the residual pressure of 2
102 mbar in the temperature range of 200–300C
for 60min. The as-grown ¯lms were amorphous
with partial crystallization and the annealed In2S3
¯lms were polycrystalline.3
The plasma treatment of the ¯lms was carried
out in radio-frequency inductively coupled argon
plasma with RF bias power of 0–300W. The aver-
age bombarding argon ion energy was 25–200 eV
and the treatment duration was 30–60 s.
The surface morphology of the samples was
studied with scanning electron microscopy (SEM)
using the Supra 40 Carl Zeiss microscope. X-ray
phase analysis was carried out using an ARL
X'tra X-ray di®ractometer in the 2 range of 15–
45 with the scanning speed of 0.02=s. The volt-
age on the X-ray tube was 45 kV; the current was
45mA.
3. Results and Discussion
Among the large set of the experimental data
obtained, here we will focus on two typical cases:
the case of the as-grown ¯lm (Ts ¼ 200C) and the
annealed ¯lms in the sulfur ambient (Ts ¼ 300C,
Ta ¼ 250C, ta ¼ 60min). The initial morphology
of the pristine ¯lms was practically smooth, with
some randomly distributed irregularities with the
height less than 80 nm.
As a result of the plasma treatment with the low
average argon ion energy of 25 eV for 30 s, an array
of nanostructures appeared on the surface of the
¯lms. The nanostructures had a droplet shape.
Their lateral size was 20–30 nm for the amorphous
¯lm (Fig. 1) and 10–24 nm for the polycrystalline
¯lm (Fig. 2).
With the increase of the average argon ion
energy up to 200 eV for 30 s, an increase of the
Fig. 1. Surface morphology of the amorphous In2S3 ¯lm after
the plasma treatment with the average argon ion energy of
25 eV. The images were captured from the sample tilt of 70 deg
(left) and 0 deg (right).
Fig. 2. Surface morphology of the polycrystalline In2S3 ¯lm
after the plasma treatment with the average argon ion energy of
25 eV. The images were captured from the sample tilt of 70 deg
(left) and 0 deg (right).


































































































nanostructure size took place. The lateral size
reached 300 nm for the amorphous ¯lm (Fig. 3) and
140 nm for the polycrystalline ¯lm (Fig. 4).
The analysis of all experimental data showed
that during the plasma treatment of the ¯lms in
di®erent regimes, the results were similar. Arrays of
nanoparticles with a shape of quasi-spheras or
spread droplets were formed. Such behavior is often
a feature of metallic droplets. In order to determine
the nature of these droplets, we carried out X-ray
phase analysis which showed the peaks attributed
to the elemental indium in amorphous and poly-
crystalline In2S3 ¯lms after the plasma treatment.
The presence of indium was also supported by
Raman spectroscopy.
The appearance of the metallic indium droplets
on the ¯lm surface can be connected with an
emergence of In2S and S2 molecules in the reactor
during plasma sputtering.4 The energy of an argon
ion, which can be transferred to In2S and S2
molecules during collisions, is su±cient for dissoci-
ation of In2S into indium and sulphur atoms. This
process is additionally initiated by the argon plasma
glow. Due to high volatility, sulphur leaves the
sputtering zone, while indium is redeposited on the
surface and congregates into liquid droplets. Upon
the treatment completion, indium forms the array
of metallic nanosized droplets.
4. Conclusion
The investigation showed that the plasma treat-
ment of In2S3 ¯lm surface resulted in the formation
of arrays of nanosized indium droplets on the sur-
face. The surface density of the droplets varied in
the range of 8 108–1:4 1011 cm2. The overall
morphology modi¯cations were similar for the
treatments with the average argon ion energy in the
range of 25–200 eV and was the same for amorphous
or polycrystalline ¯lms. The obtained metallic
nanoparticles can be further used as catalysts for
the vapor-liquid-solid growth of nanowires and
nanotips of di®erent semiconductors on the surface
of indium sulphide ¯lms.
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Fig. 3. Surface morphology of the amorphous In2S3 ¯lm after
the plasma treatment with the average argon ion energy of
200 eV. The images were captured from the sample tilt of 70 deg
(left, a sputtering step and the pristine surface are seen) and
0 deg (right).
Fig. 4. Surface morphology of the polycrystalline In2S3 ¯lm
after the plasma treatment with the average argon ion energy of
200 eV. The images were captured from the sample tilt of 70 deg
(left) and 0 deg (right).
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